Objectives: To describe the epidemiological profile of children and adolescents with moderate to severe traumatic brain injury admitted to an intensive care unit; to describe the frequency of coagulation disorders in these patients; to determine the relationship between coagulopathy and trauma severity; to assess the factors associated with coagulopathy; and to assess the effect of coagulopathy on the mortality of these patients.
Introduction
Traumatic injuries are one of the major preventable health problems among children. In Brazil, they are the major cause of death among individuals aged 10 to 29 years and account for approximately 40% of deaths among children aged 5 to 9 years and 18% among those aged 1 to 4 years, 1 and brain injury is the main cause of death and of sequelae in these age groups.
2 Primary brain injury is that which results from the mechanical injury that occurs at the time of the trauma, as a result of the blow to the head. Secondary brain injury is not closely related to the mechanism of injury. It occurs after the initial trauma and is defined as the neuronal injury originating from local or systemic response to the initial injury. Several factors, such as hypotension and hypoxia, have been correlated with the development of secondary injuries. [1] [2] [3] [4] [5] [6] [7] [8] Other factors, such as the presence of coagulation disorders, are currently being investigated, so as to define their importance among the complex factors that influence the prognosis of patients with traumatic brain injury (TBI).
Since 1974, when Goodnight et al. 9 first ascribed secondary systemic hemostatic failure to acute defibrillation associated with traumatic brain injury that destroyed the brain tissue, several other authors have described the occurrence of coagulopathy in adults and children with TBI, [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] as well as the association between the intensity of the coagulation disorder and the severity of TBI, which reflects the magnitude of the brain injury. 12, [16] [17] [18] Albeit widely described, the incidence of post-TBI coagulopathy has not been accurately determined among children. 16 In 1982, Miner et al. 12 reported that 71% of patients aged 2 to 18 years admitted to the intensive care unit (ICU) due to TBI had abnormal results in at least one coagulation test. Fifteen years later, May et al., 14 in a study with adults, found out that 81% of patients with an ECG score ≤ 6 on the Glasgow coma scale and that 100% of those with an ECG score < 5 showed laboratory evidence of coagulopathy on admission.
The association between the presence of coagulopathy and a worse prognosis with higher mortality among TBI patients was described by several authors. 8, 12, 13, [15] [16] [17] [18] 20 Since the type and extension of the brain injury determine the prognosis and as such injury is subject to deterioration due to impaired hemostasis, the importance and efficacy of treatment of coagulopathy have been widely discussed. [21] [22] [23] Goodnight et al. 9 suggest that the early treatment of coagulopathy may have contributed to a better prognosis of adult patients, which was described by other authors some years later. 6, 14 A study with similar results carried out in children younger than 16 years was published only in 2001. 17 In that same year, however, Vavilala et al. 18 could not prove there was a relationship between the treatment of the coagulation disorder and a more favorable prognosis in children.
The aims of the present study are to describe the epidemiological profile of children and adolescents with moderate to severe traumatic brain injury admitted to an ICU; to describe the frequency of coagulation disorders in these patients; to determine the relationship between coagulopathy and trauma severity; to assess the factors associated with coagulopathy; and to assess the effect of coagulopathy on the mortality of these patients.
Methods
This cross-sectional study consisted of a two-step Coagulation disorder in moderate to severe TBI -Affonseca CA et al.
The blood sample is handled using an automated system.
Quality control is performed on a daily basis, and the equipment is calibrated every time reagents are changed, in case of coagulation tests, or every week in case of platelet count.
Coagulation disorder is diagnosed when PA is lower than 70% and/or the PT is greater than 16 seconds and/or the aPTT is greater than 10 seconds when compared to controls and/or the total platelet count is less than 150,000/mm
A coagulation test is therefore performed every 12 hours until test results are normal.
The data were collected in a two-step procedure. Initially, A written informed consent was obtained from parents or surrogates, whereby they authorized the participation of their children in the study.
Since this study includes all patients who met the inclusion criteria (convenience sample), the sample size was not calculated.
The statistical analysis was made using Epi-Info. The chi-square test was used for comparison of ratios, and
Fisher's exact test was used whenever necessary. The chi-square test for linear trend was used in cases of progression. The analysis of variance was used to compare the means of normally distributed data, with the use of non-parametric tests when variances were not homogeneous. Variables with p < 0.25 in the univariate analysis were simultaneously reassessed in the logistic regression used for the multivariate analysis through the MULTLR program. In the final model, the variables with a p value < 0.05 were considered to be statistically significant.
Results
A total of 318 patients with moderate to severe TBI were admitted to the ICU during the study period. Of these patients, 17 were excluded from the analysis: four whose ECG score on admission was unknown; eight who had penetrating brain injury; three whose coagulation test results
were not retrieved; and two whose ages were greater than 16
years. The study group therefore included 301 patients. By separately analyzing the groups with and without coagulation disorders, one perceives that they share similarities in terms of mean age, distribution by sex, presence of hemodynamic instability on admission, presence of injuries associated with TBI and mechanism of injury (Table 2) .
With respect to mortality, 33.9% of analyzed patients died. When the variables were separately assessed, the presence of coagulopathy was statistically related to a greater probability of a fatal outcome (p < 0.01).
The univariate analysis showed that female patients were statistically more likely to die than their male counterparts (p = 0.03). Likewise, according to this same analysis, the following factors played a role in the rise in mortality:
presence of injuries associated with TBI; presence of hemodynamic instability on hospital admission and during (Table 3) .
However, according to the multivariate analysis of all these factors, only sodium disorders, hypotension during ICU stay and acute respiratory distress syndrome were significantly associated with a rise in mortality (Table 4) .
Discussion
Brain injury is highly prevalent among children who suffer head trauma, and its incidence has increased year after year.
When not fatal, it causes injuries that result in severe or incapacitating sequelae.
Despite continuous improvement in resuscitation techniques, in intensive care, and in neurological monitoring, the prognosis of children with severe TBI has been dismal.
This fact is corroborated by the high mortality rate (around 34%) observed, which is quite similar to that described in the literature. 7, 20 When conjointly analyzed, motor vehicle-pedestrian collisions account for over 70% of cases of moderate to severe TBI in children and adolescents. Such association has also been demonstrated by other authors, 7, 8, 16, 20 who regard falls as another cause of this type of injury.
Coagulation disorders, the major object of investigation in this study, were observed in 77% of patients and their prevalence, as previously pointed out by other authors, 12, 17 was closely related to the severity of trauma, whose classification is based on an ECG score that shows the intensity of the brain injury.
Patients with moderate or severe TBI with other associated traumas did not usually show a prevalence of coagulopathy greater than the one presented by patients with TBI only, except when the group of patients with TBI associated with chest and/or abdominal injuries, in whom the occurrence of coagulation disorders was twice as high, was compared to the group of patients with TBI, but with no associated injuries. This fact, already described by other authors, 12 can be explained by analyzing the mechanism of injury that most likely causes coagulopathy in TBI: tissue injury with release of thromboplastin, which activates the coagulation cascade. Not only the brain, but also the lungs and liver contain a large amount of thromboplastin in their tissues. 11 The lack of statistical significance between the occurrence of injuries associated with TBI and the presence of coagulopathy is actually due to the fact that the skeletal muscles are predominantly affected, whose injury does not directly cause coagulation disorders.
The role of coagulopathy in the prognosis of these patients has not been appropriately clarified in the literature. In the present study, after the multivariate analysis of the factors associated with the mortality of patients with moderate to severe TBI, the presence of coagulopathy was not considered to play an important role in the increase in mortality. During the review of the literature, such association was found and described by several authors.
Some ascribed the rise in mortality to the presence of coagulopathy, even if mild. 6, 11, 13, 14, 17, 20 20 The first study that included a larger number of variables and used a multivariate analysis Therefore, the question about the role of coagulopathy in the increase in the mortality of TBI patients remains unanswered. According to the findings of the present study, coagulation disorder is not a determining factor of mortality, but a marker of the severity of brain injury, which means that patients with such a disorder should be more closely and intensively monitored.
The literature describes that the appropriate initial treatment of patients with head trauma seems to play a crucial role in the final prognosis. 8, 14 Thus, the follow-up of patients with moderate to severe TBI should include the analysis of their coagulation profile, in addition to maintaining homeostasis and appropriate brain perfusion, so that coagulopathy, which is highly prevalent in this group, can be treated properly and timely. Besides contributing to the judicious use of hospital resources, this also avoids delayed treatment, which may positively influence the neurological prognosis of these patients.
A limitation of this study is that some of the data were obtained retrospectively. Despite the careful collection of data and filling out of forms, important information about some patients could not be retrieved.
